Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

5-17-2014

Mechanical and Cultural Practices to Reduce Skinning in
Sweetpotato
Bradley Hodge Hayes

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Hayes, Bradley Hodge, "Mechanical and Cultural Practices to Reduce Skinning in Sweetpotato" (2014).
Theses and Dissertations. 3042.
https://scholarsjunction.msstate.edu/td/3042

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Automated Template B: Created by James Nail 2011V2.02

Mechanical and cultural practices to reduce skinning in sweetpotato

By
Bradley Hodge Hayes

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Agriculture
in the Department of Agricultural and Biological Engineering
Mississippi State, Mississippi
May 2014

Copyright by
Bradley Hodge Hayes
2014

Mechanical and cultural practices to reduce skinning in sweetpotato

By
Bradley Hodge Hayes

Approved:
____________________________________
Jason K. Ward
(Major Professor)
____________________________________
Jeremiah D. Davis
(Committee Member /Graduate Coordinator)
____________________________________
Mark W. Shankle
(Committee Member)
____________________________________
Ramon A. Arancibia
(Committee Member)
____________________________________
George M. Hopper
Dean
College of Agriculture and Life Sciences

Name: Bradley Hodge Hayes
Date of Degree: May 16, 2014
Institution: Mississippi State University
Major Field: Agriculture
Major Professor: Dr. Jason K. Ward
Title of Study:

Mechanical and cultural practices to reduce skinning in sweetpotato

Pages in Study: 45
Candidate for Degree of Master of Science
Sweetpotato (Ipomoea batatas (L.) Lam.) is one of the major tropical root crops
of the world and it is widely distributed throughout the tropical and temperate regions of
Africa, Asia and the Americas. During harvest and post-harvest handling, the skin can be
separated from the underlying tissue of the storage root. Storage root damage contributed
to income losses for producers. To minimize these loses, producers set the skin of the
sweetpotato by removal of the vines prior to harvest. New mechanical (undercutting) and
cultural (biochar) methods were developed and tested. Mechanical undercutting would
sever the feeder roots of the plant causing drought stress and initiate the skin set reaction.
Application of biochar was used to change soil physical properties to reduce skinning in
storage roots. The new practices may give producers options to increase the storage life
of the crop.
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CHAPTER I
INTRODUCTION

Sweetpotato (Ipomoea batatas (L.) Lam.) is one of the major tropical root crops
of the world and it is widely distributed throughout the tropical and temperate regions of
Africa, Asia and the Americas. The sweetpoato industry contributed over $132 million to
the total economic output of the state of Mississippi in 2011 (Morgan et al., 2012). Over
the last two decades acreage has increased from 1,618 to over 8,093 hectares (4,000 to
over 20,000 acres) of sweetpotatoes produced annually by 105 growers placing
Mississippi 3rd in the US in sweetpotato production in 2010 (Morgan et al., 2012).
During harvest and post-harvest handling, the cuticle, epidermis, and some outer
layers of the periderm may separate from the underlying tissue of the storage root
(Villavicencio, 2002). Storage root damage contributed to income losses for producers.
These skinning instances occurred from the harvester as well as the clods of compacted
soil that were carried up the harvester with the storage roots. Mechanical harvesters also
caused skinning in light, dry soils due to the rapid movement of the soil sifting through
the rod conveyor chain (Lebot, 2009). These abrasions lead to an increased rate of
moisture loss, loss of root weight, pathogen attacks, and overall poor appearance.
Studies indicate that 20% to 25% of sweetpotatoes were lost to moisture loss and
decay during postharvest storage (Edmunds et al., 2008). Sweetpotatoes have the ability
to store for several months after the post-harvest curing process was completed. Curing
1

sweetpotato storage roots at 30°C (86°F) and 80% to 90% RH for 4 to 7 days allowed
abrasions caused during harvest and handling to heal by rapidly toughing the periderm
(Lebot, 2009). Skin adhesion has been highly variable and was affected by cultivar,
temperature, humidity, origin and physiological age of the root, and storage
(Villavicencio, 2002).
Standard practice for sweetpotato producers to help manage abrasions and
skinning of storage roots included a process known as de-vining. De-vining consisted of
cutting, mowing, or shredding the vines or using a mechanical vine puller that removed
vines from the base of the plant. This method was used to initiate the skin set process and
the method was typically carried out 3 to 7 days prior to harvest. Research has indicated
that de-vining as much as 14 days prior to harvest benefits the skin set process
(Schultheis et al., 2000). As technology for harvesting sweetpotato has changed, such as
introduction of bulk harvesting, de-vining created problems for producers. Chopped vines
were mixed with soil and unmarketable storage roots and became difficult to remove for
the harvester. This increases transportation costs and labor costs at the curing facility.
Producers adapting to bulk harvesting technology were then left with no method
to manage skin-set. A method needed to be created for use in production systems for both
bulk and traditional harvesting systems. Undercutting was examined as an alternative to
de-vining. The hypothesis was that severing the tap root and feeder roots of sweetpotato
would initiate skin-set by cutting the plant off from nutrients and water. Undercutting
implements are also used in other root crops such as potato and onion for terminating
crop growth. Maintaining row integrity would allow for protection of storage roots from
insects and disease and lead to easier harvest of storage roots. Undercutting could be used
2

as a stand-alone system in vined plots for bulk harvesting interests and in combination
with the de-vining system for fresh market producers.
Skinning instances are not only caused by equipment used in harvesting and
handling of the crop but from clods in the silt loam soils in which the crop is harvested.
During harvest, clods and storage roots rub against one another leading to abrasions on
the tender skin of the sweetpotato. To combat this issue a second study was introduced
involving biochar (charcoal produced by pyrolysis of biomass feedstock) as a soil
amendment. Biochar application to soils is not a new concept (Mann, 2005). In the
Amazon basin, soils known as Terra Preta contain large amounts of charred materials
most likely added by pre-Columbian farmers who practiced a form of slash and char
agriculture (Sombroek et al., 2003). In these soils, the biochar acts as a soil conditioner,
improving soil physical properties and nutrient use efficiency, thereby increasing plant
growth. Today, 500 years after the ending of the practices that created these soils, the
Terra Preta soils are highly valued for agricultural and horticultural use in the Amazon
basin (Glaser et al., 2002; Lehmann and Rondon, 2006). Biochar could have an increased
effect on yield and soil physical properties that decrease skinning instances in
sweetpotato. Undercutting of sweetpotato prior to harvest and pre-transplanting
applications of biochar at multiple rates were examined as possible methods to reduce
skinning instances for producers.
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CHAPTER II
DEVELOPMENT OF A MECHANICAL UNDERCUTTING SYSTEM TO MINIMIZE
SWEETPOTATO SKINNING DURING HARVEST

Abstract
Sweetpotatoes have been an important high-value crop in Mississippi and future
growth is expected. Industry growth has created the need for a continuous supply of
sweetpotatoes throughout the year. Therefore, managing the harvest process and
postharvest storage environment is critical to maintaining a year-round supply of quality
sweetpotato roots. This has been a challenge in Mississippi and growers have been
experiencing post-harvest losses due to excessive root shrinkage (weight loss) and
bacterial and fungal rots. Studies indicate that 20% to 25% of sweetpotatoes are lost to
moisture loss and decay during postharvest storage. This is directly related to skinning at
harvest procedures that cause cuts and abrasions (skinning) to the delicate skin of the
sweetpotato root is. These wounds provide a way-of-entry for diseases to infect the root,
as well as moisture loss that results in root shrinkage. De-vining sweetpotatoes prior to
harvest is a commonly used method to halt root growth and to begin toughening the skin.
This method is viable for producers using manually-assisted harvesting for the fresh
market. Producers using bulk harvesting prefer to leave vines on to reduce the amount of
foreign material going into storage. A new method of halting plant growth and allowing
the root to cure in the ground prior to harvest is needed. The objective of this study was
5

to design and test a mechanical root pruning blade to halt plant growth and initiate skin
set prior to harvest of sweetpotatoes and to quantify the effects of undercutting
sweetpotatoes on skin strength relative to de-vining. It was hypothesized that cutting the
deep root of the sweetpotato plant would allow this process to begin. Therefore, two
different undercutting implements were designed and fabricated. One was assembled
from currently available off-the-shelf components and the other was a modified
commercially available sweetpotato digger. These implements were tested in
experimental plots and the skin strength was directly measured. Root skin strength was
measured at three days and six days after treatment. There was a significant rainfall
event on the fifth day after treatment, meaning that no comparison between the time
periods can be made. One of the tested varieties responded to undercutting. Results
indicated that at three days after treatment, undercutting had no significant effect on skin
strength for both vine conditions (vine-on and de-vined). At six days after treatment,
undercutting with the newly developed implement significantly increased skin strength
for roots in which the vine had been left on. There was no difference between using the
modified digger and no treatment. Additionally, there was no treatment effect on roots
which were de-vined. These results indicate that in a bulk harvesting system,
undercutting with the new implement will increase skin strength after the roots have
cured in the ground.
Introduction
Sweetpotato (Ipomea batatas) is a high value crop that contributed over $132
million to the total economic output of the state of Mississippi in 2011 (Morgan et al.,
2012). Over the last two decades acreage has increased from 1,618 to over 8,093 hectares
6

(4,000 to over 20,000 acres) of sweetpotatoes produced annually by 105 growers across 5
counties. Mississippi regularly ranked near the top in US sweetpotato production
(Morgan et al., 2012). Sweetpotatoes were primarily raised for the fresh market sector,
but recent increased demand for processed products has created a need for a year round
supply of storage roots.
Sweetpotatoes have the ability to store for several months after the post-harvest
curing process was completed. Curing sweetpotato storage roots at 30°C (86°F) and 80%
to 90% RH for 4 to 7 days allowed abrasions caused during harvest and handling to heal
by rapidly toughing the periderm (Lebot, 2009). Storage root damage contributed to
income losses for producers. These skinning instances occurred from the harvester as
well as the clods of compacted soil that were carried up the harvester with the storage
roots. Mechanical harvesters also caused skinning in light, dry soils due to the rapid
movement of the soil sifting through the rod conveyor chain (Lebot, 2009). During
harvest and post-harvest handling, the cuticle, epidermis, and some outer layers of the
periderm separated from the underlying tissue of the storage root (Villavicencio, 2002).
These abrasions lead to an increased rate of moisture loss, loss of root weight, pathogen
attacks, and overall poor appearance. Studies indicate that 20% to 25% of sweetpotatoes
were lost to moisture loss and decay during postharvest storage (Edmunds et al., 2008).
The pack-out efficiency of sweetpotato after 8 to 10 months of storage was 60% to 70%
(Boyette, 2009). Skin adhesion has been highly variable and was affected by cultivar,
temperature, humidity, origin and physiological age of the root, and storage
(Villavicencio, 2002).
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Standard practice for sweetpotato producers to help manage abrasions and
skinning of storage roots included a process known as de-vining. De-vining consisted of
cutting, mowing, or shredding the vines or using a mechanical vine puller that removed
vines from the base of the plant. This method was used to initiate the skin set process and
the method was typically carried out 3 to 7 days prior to harvest. Research has indicated
that de-vining as much as 14 days prior to harvest benefits the skin set process
(Schultheis et al., 2000).
After the removal of vines from the plant base, harvesters comprising of a lifting
blade and conveying chain carry storage roots to a table where laborers select and grade
storage roots by hand (Fig. 2.1). Another method included a harvester that leaves roots on
top of the soil for laborers to pick up by hand. Recently producers from the sweetpotato
processing sector have expressed interest in adaptation of bulk harvesting systems from
the potato (Solanum tuberosum) industry. Producers that adapted this technology
discovered that storage roots would become mixed with soil and the shredded vines from
the de-vining system (Ted Mcdermott, R.D. Offutt Co., Sweet Potato Manager, personal
communication, 29 September 2012). This caused major issues in handling, transport,
cleaning, and grading of storage roots (Fig. 2.2). Vines and soil added extra weight to
field trucks and decreased the efficiency of bulk harvesting. Once the crop reached the
cleaning and storage facility extra effort was required to sufficiently prepare the roots for
the curing process. Extra vine and soil increased transportation costs for return of soil and
organic matter to the field. Producers discovered that leaving vines intact allowed the
bulk harvester to process a cleaner product but would not receive a skin set initiation
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prior to harvest. Storage roots were more susceptible to disease and shrinkage during
storage due to the higher number of skinning instances created by bulk harvesting.
A new method for setting skin pre-harvest on sweetpotato needed to be developed
that could be adapted for both bulk harvesting as well as the fresh market sector.
Undercutting was examined as an alternative to de-vining. Undercutting was already a
viable option for initiating maturity in other crops, specifically for certified organic
producers, and the undercutting of potato tubers was thought to create a faster response in
skin set and was least likely to cause stress to potatoes (Ironside, 2002). One of the issues
of undercutting root crops was maintaining the structural integrity of the rows to allow
for ease of mechanical harvest. An undercutting device was developed for use in potato
in Europe (Steketee, 1999). This implement did not address the need for row structure
stability in a root crop with crawling vines as is the case with sweetpotato.
The hypothesis was that severing the tap root and feeder roots of sweetpotato
would initiate skin set by cutting the plant off from nutrients and water. Maintaining row
integrity would allow for protection of storage roots from insects and disease and lead to
easier harvest of storage roots. Undercutting could be used as a stand-alone system in
vined plots for bulk harvesting interests and in combination with the de-vining system for
fresh market producers.
Objectives
The objectives of this study were to i) design, fabricate, and test two mechanical
undercutters for use in sweetpotato ii) quantifiably compare undercutting implement
effects on skin strength in both vined and de-vined plots, and iii) quantifiably compare
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undercutting versus mechanical vine removal on sweetpotato skin strength at two harvest
intervals.
Materials and Methods
Machine Development
The design of the two mechanical undercutters consisted of off-the-shelf
components. The use of readily available and commercially produced parts was both cost
effective and provided ease of access for sweetpotato producers. Both machines needed
to meet similar specifications such as ease of operation in both vined and de-vined
sweetpotato, horsepower requirement, row spacing, number of rows, and both be drawn
from the tractor’s three point hitch.
The first of the two implements, Machine 1, would be built around the cutting
blade of a fallow tillage tool known as a Stubble Mulcher produced by Roll-A-Cone
Manufacturing (Tulia, Tx.). The Stubble Mulcher blade undercuts crop and weed stubble
for use in a crop-fallow rotation. The cutting blades would be connected by a blade insert
built in-house to funnel roots to a point to be cut (Fig. 2.3). A row unit was designed
consisting of first a coulter (CBS-155LA, Roll-A-Cone, Tulia, Tx) to cut running vines
and remove field residue followed by a standard ripper shank (SK-3RP, Roll-A-Cone,
Tulia, Tx.) to provide an opening for the undercutting blade, and the Stubble Mulcher
shank and blade which would be centered in the furrow. To address the problem of
maintaining the structural integrity of the beds, bed shaper rings (Roll-A-Cone, Tulia,
Tx.) were purchased and attached to a 32.385 cm (12.75 in) O.D. steel pipe. This
provided a rolling shield to prevent vine entanglement and would be placed directly over
the point in which undercutting would take place. As the undercutting blade passed under
10

the bedded rows, the rollers would sit on top of the rows and keep the beds intact (Fig.
2.4). An adjustable toolbar for the attachment of components was fabricated by the
Mississippi State University Agricultural and Biological Engineering Shop.
The second implement used in this study, Machine 2, needed to be a more readily
available option to producers. Many sweetpotato producers use a drop off harvester; these
harvesters simply dig the roots and gently drop them on the top of the previous seed bed
location. The roots are then selected by hand and placed in containers. Many producers
used these harvesters followed by manual or mechanical sorting to facilitate harvest in
challenging conditions. Machine 2 would use a standard drop-off harvester built by Easly
Manufacturing of Houston, MS. The harvester would be stripped of the harvesting chains
and hydraulic system. Machine 2 was equipped with coulters similar to Machine 1 for
removal of vine and residue. Machine 2 would also have a bed shaper system (Fig. 2.5) to
maintain row stability similar to Machine 1.
Experimental Design
Two cultivars were selected based on popularity and availability, Beauregard (B14) and Evangeline. The experimental design was split-plot with four replications. Main
treatments were vine condition (de-vined and vine-on) and sub treatments included
undercutting (no undercutting, undercutting with Machine 1, and undercutting with
Machine 2). The plots were located at Pontotoc Ridge-Flatwoods Branch Experiment
Station, Pontotoc, MS, and were managed under typical grower practices. All
undercutting and de-vining treatments took place on the same day, with harvest and data
collection on days 3 and 6 after treatments. An approximately 7.62 cm (3 in) rainfall
event occurred between days 3 and 6 post-treatment.
11

Machine Operation
Machines 1 and 2 operated in a similar manner (Fig. 2.6). Both machines operated
at 8.05 km/h (5 mph) at a depth of 20.32 to 25.40 cm (8 to 10 in) measured in the furrow.
For reference, de-vining is typically operated at 2.41 to 4.83 km/h (1.5 to 3 mph) in
varying conditions (Smith and Wright, 1994). Sweetpotato storage roots do not typically
grow past the hard pan in silt-loam soils of Mississippi, so plow depth should be at or
near the hard pan level.
Data Collection
Skin strength data were collected on the same day as harvest; 3 and 6 days posttreatment. Five storage roots were randomly selected from each plot and two
measurements were collected from each root (n=10). Sweetpotato skin strength was
quantified using a modified Halderson periderm shear tester and torquometer (Halderson
and Henning, 1993; Lulai and Orr, 1993). The Halderson shear tester is comprised of a
rubber testing tip (No. 1 stopper) on the end of a spring loaded shaft which is connected
to a torque measurement device. The original design called for an analog torquometer
(model TQSO50FUA, Snap-On Tools, Kenosha, WI). A digital torquometer (model TQ8800, Lutron Electronic Enterprise, Taipei, Taiwan) was used to increase the accuracy
and speed of data collection (Fig. 2.7). The user presses the rubber tip against the storage
root skin using the spring loaded shaft to maintain the proper amount of force.
Sweetpotato researchers have modified the Halderson tester for use by applying
sandpaper (100 grit) to prevent the rubber tip from rotating before the skin sheared. The
tip is turned while simultaneously keeping the pressure against the skin. This motion
shears the periderm away from the adjoining cells and the maximum torsional force
12

required to perform this action was recorded. These values, measured as lb∙in and
converted to mN∙m, were used to determine if sweetpotato would respond to undercutting
treatments for the initiation of skin set.
Data Analysis
Skin strength data was analyzed using the Mixed procedure in SAS (ver 9.3, SAS
Institute, Cary, Nc.)(SAS, 2011). Replication was considered as a random variable.
Means were divided at a 0.05 significance level using the pdmix macro to provide letter
groupings (Saxton, 1998).
Results and Discussion
Machine Performance Observations
Random samples showed the root-cutting action was more aggressive with
Machine 1 resulting in less root mass than Machine 2 (Fig. 2.8). Both machines had
efficient operation in both vined and de-vined plots. Minimal bed distortion was
recognized in both vined and de-vined plots as well as no damage of storage roots. Soil in
plots treated with Machine 1 was left in a more fractured state than that of Machine 2 or
untreated plots. This may decrease the potential for soil clods during harvest that lead to
skinning instances for storage roots.
Skin Strength
Beauregard (B-14) Cultivar
Analysis revealed that main (vine condition), sub (undercutting), and the
interaction thereof were all non-significant for three days post-treatment (p = 0.0523, p =
0.0881, and p = 0.3141, respectively). Recall that due to the rainfall event, Days 3 and 6
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post-treatment were analyzed separately. Further analysis at six days post-treatment
revealed that vine condition and undercutting were non-significant (p = 0.1304 and p =
0.0893 respectively) but significant interaction was discovered between vine condition
and undercutting (p ≤ 0.0001). De-vined plots experienced a drop in mean skin strength
on Day 6 and no undercutting had the highest mean skin strength after the rainfall event
(Table 2.1). In vine-on plots, at six days after treatment, plots undercut with Machine 1
maintained increased skin strength 10.9% over the other treatments. Increased root
undercutting from Machine 1 and tillage components such as the ripper shank of Machine
1, may have improved drainage in the furrows after the rainfall event.
Differences among least square means were tested for significance as compared to
the control (De-vined, no undercutting). LSDs for B-14 at Day 6 revealed two significant
effects: de-vining combined with the use of Machine 1 caused a decrease in skin strength
(p = 0.0265) when compared to the control. However, if Machine 1 was operated in vineon plots, an increase in skin strength was discovered (p = 0.0232) when compared to the
control (Table 2.2).
Evangeline Cultivar
Evangeline showed no significant difference among main and sub treatment
effects, although Evangeline did not respond to treatments, it did, generally, have a
higher numerical mean skin strength than Beauregard (B-14) as shown in Table 2.3.
Machine 2
Machine 2 did not increase skin set in either sweetpotato cultivar and was not
different than the control. Further adjustment is needed for optimal root undercutting with
14

a basic drop off harvester. Machine 2 performed the same as traditional de-vining
practices currently used in production. Replacing the standard harvesting blade of
Machine 2 with the cutting action that funnels roots to a cutting point similar to Machine
1 would improve Machine 2 performance.
Conclusions
Two implements were designed, fabricated, and tested for undercutting of
sweetpotato prior to harvest. Both Machines cut roots without damaging marketable
storage roots or causing row distortion. Machine 2 did not undercut the roots as
aggressively and had no significant effects on varieties and was as effective as the control
(de-vined, no undercutting). Machine 2 gives producers with drop off harvesters an
alternative to de-vining for skin-set. Machine 1 achieved a significant effect in B-14 plots
in which the vine was left intact compared to control. Plots undercut with Machine 1
maintained skin strength after the rainfall event compared to other treatment
combinations. Although Evangeline did not respond to undercutting treatments, mean
skin strength is generally stronger than that of B-14. Increasing skin strength with vines
intact keeps the tops of storage roots from being exposed to variables such as weather,
insects, and pests. This method also creates a viable skin-set option for producers using
bulk harvesters. The combination of undercutting with Machine 1 in vined B-14 plots
contributed to a 10.9% increase in skin strength.
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Table 2.1

B-14 Mean Skin Strength (mN·m).
De-Vined

Vine-On

Day 3

Day 3

[A]

[A]

Day 6

Mean

SEM

Mean

SEM

Mean

SEM

Mean

SEM

None

218.06

3.39

210.15 a

4.52

235.01 a

3.39

205.63 b

5.65

#1

211.28

3.39

196.59 b

4.52

225.97 ab

4.52

228.23 a

4.52

#2

215.80

3.39

201.11 ab

4.52

222.58 b

3.39

204.50 b

4.52

Machine

[A]

Day 6

[A]

[A]

Means divided at P ≤ 0.05 within each column.

Table 2.2

B-14 Day 6 LSDs.
Treatment

Control

Main[A,B]

Sub

Main[A] Sub

DV

Machine 2

DV

DV

Machine 1

DV

V

None

V

Machine 2

V

Machine 1

Estimate

Pr > t

None

-8.813

0.1566

None

-13.897 0.0265

DV

None

-4.293

0.5558

DV

None

-6.214

0.3914

DV

None

18.078

0.0232

[A]

DV = Mechanically De-vined
[B]
V = Vine-On

Table 2.3

Evangeline Mean Skin Strength (mN·m).
De-Vined

Vine-On

Day 3
[A]

Mean

None
#1
#2

216.93

Machine

[A]

Day 6
SEM

[A]

Mean

220.32

2.26

219.19

3.39
3.39

Day 3
SEM

[A]

Mean

248.57

4.52

247.44

4.52

253.09

5.65

Means divided at P ≤ 0.05 within each column.

16

Day 6
SEM

[A]

Mean

SEM

218.06

3.39

262.12

5.65

211.28

3.39

249.70

4.52

219.19

3.39

250.83

5.65

Figure 2.1

Sweetpotato harvesting equipment.

(L) One row sweetpotato harvester. (R) Four row bulk harvester for sweetpotato based
on potato harvester platform.

Figure 2.2

Mixture of sweetpotato vine and roots with soil loaded into field trucks due
to de-vining in a bulk harvesting operation.
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Figure 2.3

Machine 1 undercutting system.

(L) Stubble Mulcher shank and blade (courtesy of Roll-A-Cone, Tulia, Tx). (R) Machine
1 cutting point for sweetpotato roots with bed shaper roller above.

Figure 2.4

Proposed cutting action viewed from rear of Machine 1.
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Figure 2.5

Bed shaper system over modified cutting blade for Machine 2.

Figure 2.6

Testing of undercutting implements.

(L)Machine 1 in operation. (R) Machine 2 in operation.

Figure 2.7

Digital torquometer and Halderson shear tester.
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Figure 2.8

Samples of undercut roots with control.
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CHAPTER III
EFFECTS OF BIOCHAR ON SWEETPOTATO YIELD AND SOIL PHYSICAL
PROPERTIES TO REDUCE SKINNING

Abstract
Mississippi is a leading producer of fresh market sweetpotatoes. One of the
challenges faced by producers is finding new methods to increase storage life of the crop
to meet demands of the growing market. Post-harvest losses due to excessive root
shrinkage (weight loss) as well as bacterial and fungal rots contribute to 20% to 25% of
loss in sweetpotatoes. This is directly related to skinning at harvest procedures that cause
cuts and abrasions (skinning) to the delicate skin of the sweetpotato. These wounds
provide a way-of-entry for diseases to infect the root, as well as moisture loss that results
in root shrinkage. Skinning instances occur from not only mechanical harvesting and
handling but from the soil in which the roots are harvested. Soil clods and abrasive soil
texture cause damage to tender, fresh-harvested storage roots. During harvest these soils
are carried with the roots and the clods rub against roots. The use of soil amendments to
change soil physical properties could help reduce sweetpotato skinning caused by soil
contact. Biochar (charcoal produced by pyrolysis of biomass feedstock) produced from
mixed southern pine species was selected as a soil amendment and applied at five rates
consisting of 0 mt/ha (0 t/ac), 4.93 mt/ha (2.2 t/ac), 9.86 mt/ha (4.4 t/ac), 14.80 mt/ha (6.6
t/ac), and 19.73 mt/ha (8.8 t/ac), in combination with organic (poultry litter) and
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inorganic fertilizers. Plots were sampled for soil bulk density, percent organic matter,
skin strength of the storage roots, yield, and grade.
Introduction
Sweetpotato (Ipomoea batatas (L.) Lam.) is a root crop of tropical origin and
widely cultivated throughout the world. In Mississippi, the sweetpoato industry
contributed over $132 million to the total economic output of the state in 2011 (Morgan
et al., 2012). The industry provides seasonal work from farms to year round jobs at
packing and processing facilities.
After harvest, sweetpotato storage roots are cured at 30°C (86°F) and 80% to 90%
RH for 4 to 7 days. This process converts sugars in the storage root and heals abrasions
by rapidly toughening the periderm (Lebot, 2009). Storage root damage contributes to
income losses for producers. These skinning instances occurred from the harvester as
well as the clods of compacted soil that were carried up the harvester with the storage
roots. Mechanical harvesters have also caused skinning in light, dry soils due to the rapid
movement of the soil sifting through the rod conveyor chain (Lebot, 2009). During
harvest and post-harvest handling, the cuticle, epidermis, and some outer layers of the
periderm separated from the underlying tissue of the storage root (Villavicencio, 2002).
These abrasions lead to an increased rate of moisture loss, loss of root weight, pathogen
attacks, and overall poor appearance. Studies indicate that 20% to 25% of sweetpotatoes
were lost to moisture loss and decay during postharvest storage (Edmunds et al., 2008).
The pack-out efficiency of sweetpotato after 8 to 10 months of storage was 60% to 70%
(Boyette, 2009). Skin adhesion has been highly variable and was affected by cultivar,
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temperature, humidity, origin and physiological age of the root, and storage
(Villavicencio, 2002).
The term soil amendment refers to any material mixed into a soil and by legal
definition, soil amendments make no legal claims about nutrient content or other helpful
(or harmful) effects that it will have on the soil and plant growth (Whiting et al., 2011).
Under sub-tropical conditions like that of Mississippi; mulches, composts, and manures
increase soil fertility on the short term because the added organic matter is quickly
oxidized and added nutrient bases are rapidly leached (Tiessen et al., 1994).
Tthe application of biochar (charcoal produced by pyrolysis of biomass feedstock)
has provided longer-lasting improvements in soil fertility (Glaser et al., 2002; Lehmann
et al., 2003; Steiner et al.,2007). Biochar application to soils is not a new concept (Mann,
2005). In the Amazon basin, soils known as Terra Preta contain large amounts of charred
materials most likely added by pre-Columbian farmers who practiced a form of slash and
char agriculture (Sombroek et al., 2003). In these soils, the biochar acts as a soil
conditioner, improving soil physical properties and nutrient use efficiency, thereby
increasing plant growth. Today, 500 years after the ending of the practices that created
these soils, the Terra Preta soils are highly valued for agricultural and horticultural use in
the Amazon basin (Glaser et al., 2002; Lehmann and Rondon, 2006). Literature stated
that biochar has been employed in Japan at least since 1697, used in both agriculture and
horticulture, including the use to improve the robustness of ancient pine trees grown near
shrines (Ogawa and Okimori, 2010). In Spain, biochar was used to provide positive
effects in soil fertility, and this technique was still used in India and Bhutan (Olarieta et
al., 2010).
24

Biochar has shown to improve soil physical properties such as bulk density, water
holding capacity, and permeability. Biochar also had positive effects on soil chemical
characteristics such as availability and retention of nutrients (Glaser et al., 2002;
Lehmann and Rondon, 2006; Yamato et al., 2006). Lehmann et al. (2003) argued that the
high C/N ratio specific to biochar may hold back production temporarily by limiting soil
N availability in N deficient soils.
Research has been conducted on many crops that are typically grown in
Mississippi such as cotton, corn, rice, and the sweetpotato. Common sources for biochar
in these applications are the use hardwoods, softwoods, and poultry litters. The use of
mixed hardwood sourced biochar had a significant effect on cotton growth by increasing
leaf area and reducing plant height (Burke et al., 2012). Number of fruits and the dry
matter weight of fruits were increased while average main-stem node length was
decreased along with plant height and chlorophyll. Due to augmentation of leaf area and
dry matter weight; the application of biochar can benefit cotton growth and development
(Burke et al., 2012). Yields of corn on highly weathered soils in Columbia increased
140% in the fourth year after biochar application, this showed the increased benefit over
time that biochar has to offer (Major et al., 2010). Biochar increased yields in rice where
soil had low available phosphorus (P) and high pH. Yield increases were attributed to the
affect biochar has on P availability in the soil (Asai et al., 2009).
There were few studies on biochar and the affect it had on commercial crops and
even fewer on sweetpotato in particular. Research conducted in the Ibaraki prefecture,
Kanto plain of Japan, discovered that biochar provided a significant effect on number of
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sweetpotato storage roots and the combination of inorganic fertilizers could improve
yield, sugar content, and quality of sweetpotato in one cropping season (Dou et al., 2012).
Skinning results from not only the harvester’s digging chains and handling by
harvest labor that sort and grade the crop but from the soil and soil clods that ride up the
chains as well. Storage roots can be prone to vibrate alongside these clods and lead to
nicks, pecks, and deep scaring of the skin. This leads to storage quality issues such as rot
and weight loss, as well as decreased marketability from a visual standpoint as is the case
with all fresh market produce. Campbell (1976) discovered that while the formation of
clods is frequently associated with high clay content, his results indicated that the content
of clay correlated with clod strength, but the quantity of clods is positively correlated
with the content of silt and negatively with content of sand. Most of the sweetpotato crop
in Mississippi is grown on silt loam soils which can have a high frequency of clods that
can damage the crop during harvest. Therefore, the application of biochar may lead to
decreased storage root damage caused by the soil during the mechanical harvesting
process.
Objectives
The objectives of this study were to quantifiably compare effects of varying rates
of biochar in combination with organic and inorganic fertilizer sources on i) soil physical
properties, ii) sweetpotato yield and grade, and iii) sweetpotato skin strength.
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Materials and Methods
Experimental Design
Cultivar Beauregard (B-14) was selected based on popularity with Mississippi
producers and availability. The experimental design was split-plot with four replications
repeated over two years. The main treatment was fertilizer source (organic vs.
inorganic). The sub-treatment was biochar application rate.
Fertilizer Source
Plots were blocked by inorganic and organic fertilizer source. The target rates
were 56 kg/ha (50 lb/ac), 112 kg/ha (100 lb/ac), and 336 kg/ha (300 lb/ac) based on
routine soil test results. Poultry litter was applied at 3.4 mt/ha (1.5 t/ac) in the first year
of the study and 2.3 mt/ha (1.2 t/ac) in the second year. Poultry litter was introduced as an
organic fertilizer source to determine the effects between biochar and a common source
of fertilizer for producers. Litter was analyzed for nutrient content and applied based on
soil test recommendations. Potassium was supplemented to the poultry litter due to the
high K requirement of sweetpotato.
Biochar Soil Amendment
Biochar used for the experiment was sourced from a pilot scale pyrolysis plant
located near Savannah, Georgia and was produced from mixed southern pine species
(Fig. 3.1). Five rates consisting of 0 mt/ha (0 t/ac), 4.4 mt/ha (2.2 t/ac), 9.9 mt/ha (4.4
t/ac), 14.8 mt/ha (6.6 t/ac), and 19.7 mt/ha (8.8 t/ac) were applied. These rates of biochar
(BC Rate) were selected based on previous experiments (The North Carolina Farm
Center for Innovation and Sustainability, 2011). The biochar was sampled and analyzed
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by Essig Nutrition Lab at Mississippi State University. An Ankom 2000 (Ankom
Technology, Macedon, N.Y.) was used to determine the dry-basis mass percent
composition of cellulose, hemicelloluse, and lignin. The device measures acid detergent
fiber, neutral detergent fiber, and acid detergent lignin (ADF, NDF, ADL, respectively)
and by subtraction the mean composition of Carbon sources found in the biochar was
determined.
Plot Preparation and Application
Plots were prepared under typical practices at Pontotoc Ridge-Flatwoods Branch
Experiment Station, Pontotoc, Ms. In the first year plots were disked, bedded, and the
tops of the beds dragged off with a harrow. Due to the fine structure of the biochar
sourced for the experiment; hand application was used for both biochar and fertilizer
(Fig. 3.2). Post application, plots were bedded once again to incorporate biochar and
fertilizer. Seedbeds were firmed with a rolling drum prior to transplanting. Early results
indicated a higher than expected soil bulk density, therefore, the drum roller was not used
to firm seedbeds prior to planting in the second year. Between studies a 67.25 kg/ha (1
bu/ac) cover crop of winter wheat was applied to prevent soil erosion. The cover crop
was terminated early.
Data Collection and Analysis
In the first year of the experiment, plots were sampled prior to biochar and
fertilizer application for nutrient analysis. Plots were sampled for soil bulk density, and
nutrient analysis just prior to harvest. At harvest, yield and grade data were collected as
well as skin strength data. In the second year, plots were sampled again for soil bulk
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density and nutrient analysis prior to spring tillage and planting, and prior to harvest.
Yield, grade, and skin strength were again collected at harvest. Table 3.1 provides a
record of these field activities.
Data were analyzed in SAS (ver 9.3, Cary, N.C.) using mixed models with
replicate as a random variable (SAS, 2011). Where appropriate, year was included in the
analysis as a split-split plot. Means were divided into letter groupings at p ≤ 0.05 using
the pdmix macro (Saxton,1998).
Soil Bulk Density
Soil bulk density samples were collected using an AMS soil core slide hammer
and liner (part no. 404.45, American Falls, Id.). Samples were collected from the center
of the seed beds between plants as not to collect storage root material with the sample.
Two samples per plot were collected and analyzed separately. The samples were
collected prior to harvest the first year, prior to spring tillage the second year, and prior to
harvest of the second year. Samples were dried at 35°C for 72 hours. Samples were
weighed post drying and a composite sample was created for each plot for subsequent
analysis.
Soil Organic Matter
Composite samples from bulk density were ground using a Dynacrush Soil
Crusher (Custom Laboratory Equipment, Inc., Orange City, Fl.) and sieved to pass a 40
mesh screen. Subsamples were collected and sent to the MSU Extension Service Soil
Testing Lab for routine analysis and percent organic matter (%OM) which would be
determined using the Rapid Dichromate Oxidation method (Nelson et al., 1996).
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Yield and Grade
Plots were harvested 118 days after planting (DAP) for the first year of the study
and 97 DAP for the second year of the study. Grade was manually determined using the
USDA standards for grading and selection of sweetpotato (USDA 2005). Yield was
reported in 22.68 kg/ac (50 lb/ac) boxes according to standard tables used by the National
Sweetpotato Collaborators Group (NSCG, 2012).
Skin Strength
Skin strength data were collected on the same day as harvest. Five storage roots
were randomly selected from each plot and two measurements were collected from each
root (n=10). Sweetpotato skin strength was quantified using a modified Halderson
periderm shear tester and torquometer as described in the previous chapter (Halderson
and Henning, 1993; Lulai and Orr, 1993).
Results and Discussion
Soil Texture
Composite soil samples of the four replications were analyzed and determined to
have a silt loam soil texture, which is a common sweetpotato soil in Mississippi.
Biochar Analysis
The Essig Nutrition Lab analysis determined the biochar to be primarily of lignin
composition (n=4, ± SD; hemicellulose: 0.0192% ± 0.0330; cellulose: 0.0% ± 0.0; lignin:
47.6523% ± 1.6137). Lignin is one of the most abundant organic polymers available,
most commonly providing strength and support for xylem cells in trees and one of the
slowest decomposing components of plant vegetation (Essau, 1977).
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Soil Bulk Density
Soil bulk density (g/cm3) was first collected immediately prior to harvest in Year
1 (Sample 2). Early analysis of both Sample 2 and Sample 3 (prior to spring tillage)
revealed very high bulk densities with no significance between all treatments. The
decision was made to investigate removing a tillage step to reduce bulk density. The
seedbed rolling application was removed to see if biochar rate effects became apparent.
Upon completing analysis of Samples 2, 3, and 4, no significance of fertilizer
source, biochar rate, or the interaction thereof was discovered within each discrete sample
period. When sampling dates were pooled, fertilizer source (poultry litter vs. inorganic)
and the combination of fertilizer source and biochar rates were non-significant (p =
0.1426 and p = 0.5787, respectively). But there was significance for biochar rate effects
and year (p = 0.0097 and p = .0010 respectively)(Fig. 3.3). This drop in bulk density can
be attributed to the removal of the seedbed roller. No clear rate response was discovered
which is different from many studies which are lab based or have different in-field
practices than sweetpotato producers. Though there were no changes in bulk density
observed that can be attributed to biochar, producers can combat soil compaction with
changes in tillage practices. Laird et. al 2010 observed that soil bulk density increased
over time soil columns and was significantly lower for biochar amended soil columns
than non-amended soil columns. Source of biochar as well as its placement and
incorporation are important factors to consider in relation to soil bulk density.
Soil Organic Matter
Due to funding issues, samples collected at pre-harvest Year 1 (Sample 2) had to
be stored and were analyzed much later than standard practice. Contamination led to
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systemic errors and invalid results; therefore Sample 2 was excluded from further
analysis. Samples 1, 3, and 4 were initially analyzed separately. Samples 1 and 3 had no
significant differences among fertilizer source, biochar rate, and the combination thereof.
Regression analysis of the Sample periods revealed no significance at Sample 1 and
Sample 3. At Sample 4 the slope was significant (Pr > |t| = 0.0052) increasing soil
organic matter 0.03 percentage points for each ton of biomass. The addition of poultry
litter as an organic fertilizer source did not increase percent organic matter. Sample 4
contained a significant biochar rate treatment effect (p = 0.0217). For Sample 4,
application rate of 19.73 mt/ha (8.8 t/ac) of biochar significantly increased soil %OM.
Samples 1, 3, and 4 were then analyzed together. Fertilizer source and the
interaction effects were non-significant, with sample date approaching significance (p =
0.0544). Biochar rate treatment effects were found to be significant (p = 0.0119), with
19.73 mt/ha (8.8 t/ac) providing the highest %OM. In Figure 3.4; all treatments other than
0 mt/ha (0 t/ac) are significantly different at Sample 1 and Sample 4. Looking deeper
within Sample 4, only 19.73 mt/ha (8.8 t/ac) is significantly higher. Sample 4 at 14.80
mt/ha (6.6 t/ac) was higher than Sample 3. There was a numerical trend with time across
all treatments (other than 0) but not necessarily significant.
Yield and Grade
Analysis of yield and grade data revealed no significant effects on cultivar B-14,
in both years of the study. Analysis revealed that source of fertilizer, organic or
inorganic, as well as rates of biochar and the interaction thereof were all non-significant.
The two years were analyzed independently due to differences in planting dates and
weather variability. Application of biochar and combinations of organic or inorganic
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sources of fertilizer had no negative or positive effects on yield or grade in sweetpotato in
Year 1 (Table 3.2) or Year 2 (Table 3.3).
Skin Strength
Skin strength (mN∙m) analysis after harvest of the first year revealed a significant
effect due to the biochar rate treatment (p = 0.0113), while fertilizer source and the
interaction thereof were non-significant. This result was not expected. There were
differences in first year skin strength among rates of biochar. 0 mt/ha (0 t/ac) had the
highest skin strength value with very little separating it from the other rates of biochar
(Table 3.4). It is difficult to make a conclusion after the first season due to the fact the
biochar, which is slow to break down, had only been introduced to the soil solution
approximately 100 days prior.
Analysis of the second year’s harvest again showed a significant biochar effect (p
= 0.0018). Fertilizer source and the interaction effects were non-significant once again.
Biochar was discovered to have increased skin strength significantly with application
rates above the 0 mt/ha (0 t/a) rate, and although skin strength increased with the addition
of biochar, there was no significant difference between biochar rates (Table 3.5). It is
possible that biochar once given more time to react in the soil solution could have
positive effect on skin strength in sweetpotato thus reducing storage losses.
Conclusions
Biochar rates of 0 mt/ha (0 t/ac), 4.93 mt/ha (2.2 t/ac), 9.86 mt/ha (4.4 t/ac), 14.80
mt/ha (6.6 t/ac), and 19.73 mt/ha (8.8 t/ac) were selected. These rates were used in
combination with organic (poultry litter) and inorganic fertilizers to determine effects on
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soil physical properties and sweetpotato yield and skin strength under typical grower
practices. Plots were sampled for bulk density, percent organic matter, yield/grade, and
skin strength.
The biochar used for this study found to be primarily lignin, one of the more
difficult organic polymers to break down, therefor biochar was only applied in Year 1.
Soil bulk density analysis revealed no significance prior to changes in tillage practices. It
will be difficult to replace conservative tillage practices with soil amendments to decrease
soil compaction in the field.
Percent organic matter showed that outside of the 0 mt/ha (0 t/ac) rate there was a
numerical trend across all treatments but little definitive significance. Generally, the
highest rate of biochar created the most percent organic matter.
Yield and grade data for Year 1 and 2 were analyzed separately. No negative or
positive effects on yield were discovered for cultivar Beauregard (B-14). B-14 did
respond to biochar in terms of skin strength. In Year 1, no biochar application provided
the highest skin strength, but in Year 2 the biochar effect was revealed that all treatments
above 0 mt/ha had significantly higher skin strength but no significant difference among
those rates. In Year 2, application of biochar increased skin strength in Beauregard
sweetpotatoes.
.
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Table 3.1

Field Activities.
Year

Date

Activity

Description

1

3-Jul

Sample 1

Nutrient

2

3-Jul

Preparation

Tillage

3-Jul

Application

Fertilizer and Biochar

4-Jul

Transplanting

Cultivar B-14 at 30.48 cm

11-Oct

Sample 2

Nutrient and Bulk Density

30-Oct

Harvest

Yield/Grade, Skin Strength

20May

Sample 3

Nutrient and Bulk Density

10-Jun

Preparation

Tillage

10-Jun

Application

Fertilizer

13-Jun

Transplanting

Cultivar B-14 at 30.48 cm

5-Sep

Sample 4

Nutrient and Bulk Density

18-Sep

Harvest

Yield/Grade, Skin Strength
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Table 3.2

Mean yield and grade for B-14, Year 1.
Yield (50 lb boxes/ac)
Organic

Inorganic

Grade

BC Rate
(mt/ha)

Mean

SEM

Mean

SEM

US#1

0.00

157

23

162

21

Canner

77

10

66

15

Jumbo

0

0

0

0

Cull

87

34

113

43

Total Market

234

33

228

33

169

32

182

28

Canner

US#1

48

14

92

18

Jumbo

7

7

6

6

Cull

140

38

130

26

Total Market

223

31

279

43

US#1

4.93

144

26

175

30

Canner

9.86

83

17

122

30

Jumbo

0

0

0

0

Cull

91

22

86

8

227

39

297

58

206

46

258

8

Canner

52

10

121

20

Jumbo

0

0

0

0

Cull

95

18

97

18

Total Market

258

57

378

17

165

37

229

38

Canner

82

15

93

7

Jumbo

0

0

0

0

Cull

97

20

120

30

Total Market

247

43

322

45

Total Market
US#1

US#1

14.80

19.73
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Table 3.3

Mean yield and grade for B-14, Year 2.
Yield (50 lb boxes/ac)
Organic

Inorganic

Grade

BC Rate
(mt/ha)

Mean

SEM

Mean

SEM

US#1

0.00

280

29

307

57

Canner

192

11

143

11

Jumbo

39

17

28

20

Cull

29

4

73

29

Total Market

511

32

478

60

226

20

304

39

Canner

US#1

222

23

149

23

Jumbo

22

8

55

28

Cull

37

10

15

5

Total Market

470

24

509

44

US#1

4.93

267

34

271

43

Canner

9.86

162

16

167

21

Jumbo

37

13

26

4

Cull

74

54

16

6

466

37

463

59

301

46

246

9

Canner

192

13

163

23

Jumbo

22

11

69

25

Total Market
US#1

14.80

Cull

8

3

14

8

Total Market

514

52

479

33

266

36

273

50

Canner

121

22

139

16

Jumbo

49

35

52

14

Cull

20

12

12

8

Total Market

436

33

463

42

US#1

19.73
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Table 3.4

Mean skin strength, Year 1.
BC Rate
(mt/ha)

Mean[A]
(mN∙m)

SEM
(mN∙m)

0.00

187.33 a

8.39

4.93

173.83 bc

8.39

9.86

182.91 ab

8.39

14.80

170.86 c

8.39

19.73

181.31 ab

8.39

[A]

Table 3.5

Means divided at P ≤ 0.05 within each column

Mean skin strength, Year 2.
BC Rate
(mt/ha)

Mean[A]
(mN∙m)

SEM
(mN∙m)

0.00

239.66 b

4.83

4.93

252.80 a

4.83

9.86

250.54 a

4.83

14.80

251.81 a

4.83

19.73

258.74 a

4.83

[A]

Means divided at P ≤ 0.05 within each column.
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Figure 3.1

Sample of mixed southern pine sourced biochar prior to application.

Figure 3.2

Post application of biochar and prior to incorporation.
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Figure 3.3

Effect of biochar application rate on soil bulk density, Samples 2, 3, and 4.

Figure 3.4

Effect of biochar application rate on soil %OM, Samples 1, 3, and 4.
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CHAPTER IV
GENERAL CONCLUSIONS

A significant portion of sweetpotato storage losses can be tied directly to skinning
instances at harvest. Storage roots receive skinning damage from both mechanical
harvesters, as well as the soil clods that are harvested with storage roots. Marketable roots
decreased in weight and become susceptible to pathogens. This study was designed to
combat skinning instances from a systems approach, both mechanically setting the skin
of sweetpotato and application of biochar, a charcoal produced by pyrolysis of mixed
southern pine.
Two mechanical undercutters were designed and tested. Machine 1 achieved a
significant effect in B-14 plots in which the vine was left intact compared to control.
Plots undercut with Machine 1 maintained skin strength after the rainfall event compared
to other treatment combinations.
Biochar treatments were found to not significantly affect sweetpotato yield and
soil bulk density under typical grower practices. It was discovered that modifying
seedbed preparation practices can significantly decrease soil bulk density. Positive effects
of biochar on percent organic matter were discovered, which leads to an increase in
health of the soil environment. Biochar also unexpectedly increased skin strength in B-14
in Year 2 of the study.
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Mechanical undercutting shows promise as a tool for sweetpotato producers in a
bulk harvesting system as well as fresh market harvesting with some modification current
harvesters. The use of biochar in a mechanical undercutting system has potential to
increase skin strength in B-14, leading to reduced storage losses and a higher quality
sweetpotato.
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